The objective of this work was to study the protein utilization and protein turnover of different broiler strains and was carried out in completely randomized design. One hundred and forty four sexed doc from each strain (Cobb =A, Ingham = B and Steggels = C) were divided into a factorial arrangement (three dietary protein, two sexes and three strains). Two regimens of composite mixes of a summit and dilution diet and a free choice between these two diets. Diets were changed weekly, with notional crude protein levels at one day-old of 240g/kg for all chickens, and at 42 days of age of 120 or 180 g/kg in the low and high protein. Protein utilization efficiency (PRE) was measured from 39-42 d of age. PRE increased with the increasing of dietary protein in strains A and C and had much higher response than in strain B. The moisture: protein ratios were 2.51, 2.65 and 2.58 in strains A, B and C, indicating strain B contained higher moisture and body fat and less protein. Involvement of genetic controls as the selection effect seems to increase the capacity of chickens in improving nutrient utilization.
INTRODUCTION
Dietary protein quality is an important factor influencing the efficiency of protein used for production parameters (Urdaneta- Rincon and Leeson, 2004) and growth is the main indicator to measure these parameters. Growth is a net increase of protein mass and it will occur when proteins are degraded and the total protein synthesis must also exceed net protein gain. This continuing process is referred to protein turnover and the rate of growth is determined by the balance between the rates of synthesis and breakdown. Efficiency of protein utilization is influenced by the changes in the rates of both synthesis and degradation (Tesseraud, 2000) , but the critical determinant of net protein utilization efficiency is the rate of degradation (Buttery, 1981; Tomas et al., 1988) .
Degradation rates are increased by amino acid deficiency (Sunde et al., 1984; Nieto et al., 1995) , which is the main reason that amino acid balance must be optimal to maximize both protein utilization efficiency and growth performance. Urdaneta- Rincon and Leeson (2004) have shown that the increasing of fractional rate of protein synthesis (FSR) parallel with the increasing of diet lysine levels at 290 g of CP/kg. For fast growing broiler chicks, lysine deficiency have changed body composition and protein synthesis (Ojano-Dirain and Waldroup, 2002; Bastianelli et al., 2007) . It means that to support optimum growth and carcass yield of fast-growing commercial broilers, adequate dietary levels of amino acids are needed.
Strain differences in growth rate have been shown to be the result of variation in the efficiency of protein utilization (Kang et al., 1985) and the growth rate differences between broilers and layers have been shown to be due to a lower rate of protein degradation in broilers than in layers (Hayashi et al., 1985; Rosa et al, 2001a; Rosa et al., 2001b) . Tomas et al. (1988) suggested that selection has been done to improve feed utilization efficiency in oeder to reduce the rate of skeletal muscle protein degradation as measured by 3-methyl histidine excretion, whilst selection to increase growth rate or to reduce body fatness have been shown increasing gross protein utilization efficiency (Geraert et al., 1987; McLeod et al., 1988, Tomas and Pym, 1995) . Differences in growth performance and nutrient utilization between commercial strains of broilers, may be due to the differences in protein utilization efficiency and genetic differences influence the response of chicks to varying dietary level of crude protein (Ojano-Dirain and Waldroup, 2002; Sterling et al., 2003; Sterling et al., 2006; Bastianelli et al., 2007) . Derivative of the amino acid, and histidine nare found mainly in the contractile proteins of muscle (myosin and actin). Compared to other purposes, it is useful that 3-methyl histidine as an index of lean meat content of prepared foods, since it is not present in collagen or other added materials.
The purpose of the present study was to determine protein utilization and protein turnover of a number of strains of broiler chickens.
MATERIALS AND METHODS

a. Chickens and experimental procedure
One hundred and forty four sexed day-old chicks from each of the 3 strains (Cobb= A, Ingham=B and Steggles=C) were designed comprised 3 strains, 2 sexes and 3 dietary treatments in a factorial design with 3 replicates each of approximately 8 chickens. They were then weighed at one-d-old and reared in the 54 brooder cage 1.0 m x 1.0 m. Each cage was equipped with one drinker and 1 circular tube feeder. Temperature of the experimental house was maintained at about 32°C for week 1, 29°C for week 2, 26°C for week 3, and 22°C thereafter.
b. Dietary treatments and feeding programs
A summit-dilution approach was used in many of the studies in diet formulation to examine the growth and body composition responses of different strains to variety of dietary amino acid concentration (Gous and Morris, l985; Surisdiarto and Farrell, l991; Huyghebaert and Pack, l996; Plumstead et al., 2007) . The summit diet was formulated to contain a large excess of assume requirement of all indispensable amino acids except the one under the test, which was set up around 145 % of the assume requirement (Gous and Morris, 1985) . The advance of this approach using a dilution diet is that food intake of this diet is not affected by dietary imbalance or deficiencies of a specific amino acid (Emmans, 1987) .
The three dietary regimens comprised of two regimens of composite mixes of a summit and dilution diet and were changed weekly, with notional crude protein levels at one day-old of 240 g/kg for all chickens, and at 42 days of age of 120 or 180 g/kg in the low and high protein regimens respectively. The third was a free choice between the summit and dilution diets.
All chickens with the exception of the choice fed group were given summit diet 1 (Table 1) containing 257 g CP (Crude Protein) and 3100 Kcal ME (Metabolizable Energy) per kg, from hatch to 5 days of age. The choice-fed birds were then given both the summit and dilution diets in divided feeders after being individually weighed and then assigned to their experimental treatment groups.
At 21 days, 234 chickens were transferred into individual cages with 13 single-bird replicates for each treatment and were given diets constituted from the zero animal protein summit 2 and/or the dilution diet (Table 1) . Because of the lower protein in summit 2 compared to summit 1, there was a significant increase in the inclusion rate of the former diet from 21d. These diets were utilised to allow calculation of protein turnover rates determined by 3-methyl histidine excretion as a measure of myofibrillar breakdown (Young and Munro, 1978) . This method is also used to indicate the total muscle mass (Buttery, 1981) .
c. Measurements
Measurements were made of growth rate, body composition and protein turnover. Weight gain and food intake was measured at weekly basis till 42 days of age. Body composition was observed at 42 d of age using all samples of 5 chickens from each dietary treatment and were slaughtered after being fasted for 12 h before being killed by cervical dislocation and then stored at -20ºC for further analysis. Chemical analysis of the carcass samples is carried out according to Pym and Solvyns (l979) which have been modified.
Protein turnover was measured by calculating food intake and body weight, and collecting excreta production on daily basis of each bird from 39 to 42 d of age. After collection, the three-days samples of excreta from each bird was stored at -20ºC for analysis of moisture, nitrogen and 3-methyl histidine. Nitrogen retention was determined in the chickens from measurement of food intake, analyses of carcass composition and weight gain over the period (Farrell, 1974) . Protein retention efficiency (PRE) was calculated as follows PRE % = % carcass protein X 3d weight gain (g) 3d dietary protein intake (g) d. Statistical Analysis. Data were analysed according to the General Linear Model using SAS (version 6.07) (SAS., 1996) . The major independent variables were strain, sex and diet. Statistical significance among the treatments means were compared using the Least Significant Difference (LSD) test (P<0.05) (Kaps and Lamberson, 2004) .
RESULTS AND DISCUSSION
The food intake, FCR, protein intake and 42-d body weight are shown in Table 2 . There were significant (P<0.05) effects of strain, sex and diet, however, thre was no significant interaction between the main effect for these parameters. Males had higher feed consumption and protein intake which better FCR than females. Strain A and B consumed more food and protein than strain C, but strain B were more efficient in FCR. Food intake decreased in high dietary protein and was the lowest in the free choice (Table 2) . Eventhought strain B (Table 3 ) gain higher as a response to protein intake, it does not mean that this strain was more efficient compared to strain A and C.
In H and L dietary proteins (Table 3) , the females of strains A and C have better response in L protein levels, whilst the males of strain A and C have better response in H protein level. Combined with their overall lower protein retention efficiency on the high protein and free choice dietary regimens (Table5), suggesting that protein requirements and utilisation in strain B were significantly different from strains A and C. There was further an indication of strain differences when evaluating the relationships between the carcass components of moisture, fat and protein.
The moisture: protein ratios were 2.51, 2.65 and 2.58 in strains A, B and C respectively. This means that strain B had both higher moisture and fat proportions than the two other strains, although the fat difference was small and not significant (Table 4 ).
Significant differences in protein utilisation have been reported between lines selected divergently for body fatness (McLeod et al., 1988; Geraert et al., 1987; Tomas and Pym, 1995) or for high appetite, feed efficiency or growth rate (Geraert et al, 1987; Tomas et al., 1988; Tesseraud et al., 2000) . The genetic diversity between these lines in terms of protein utilisation, is due entirely to the effects of selection, since in each case the lines were derived from the same founder population. The comparison between commercial strains is much more complex, since it includes the effect of the different founder populations in the different parental lines and the effect of selection within the lines. In regard to the latter comparisons of high and low fat lines, McLeod et al. (1988) , Geraert et al. (1987) and Tesseraud et al. (2000) found a higher gross efficiency of protein retention in the lean lines. These line differences were due to differences in the partition of retained energy between fat and protein deposition. Thus, selection for food utilisation efficiency, but not selection for leanness, would appear to improve the net efficiency of protein utilisation through a reduction in protein breakdown rate. Furthermore, Pym (2005) observed that improving of nutrient utilization due to the increasing of the capacity of chickens to meet nutrient requirements on diet was vary.
The high consumption of the summit diet in free choice fed by the B strain males was reflected in a low PRE which suggested an inability of the strain to effectively utilise the additional protein consumed. It is not clear as to what may have stimulated intake of the summit diet by this line, but protein requirements would not appear to be implicated.
The effect of strain, sex and dietary regimen on body composition of the chickens at 42 days, is given in Table 4 . Females were fatter than males (P<0.05) and chickens given the high protein dietary regimen contained less fat than those receiving the two other regimens (P<0.05). Differences in moisture generally reflected differences in fat, but strain B had higher body moisture than strain A. This was unexpected due to their higher non significant body fat.
Considering the genetic factors involved, it seems that the limitation of growth compensation is due to the failure of daily lean meat deposition and in fact, is dependent on genetic potential (Rosa et al., 2001-a; Rosa et al, b) . This is supported by data on Table 5 that gain and protein deposition shown by PRE values were higher in high protein concentration for the males of strain A and C. However, for strain B , it would be more desirable to feed low levels of protein due to the difference between the high and low was little.
However, the current study failed to measure protein turnover due to the storage of excreta at room temperature for the three days prior to collection and subsequent storage at -20 o C, and analysis of the samples revealed exceedingly low levels of 3-methyl histidine, which rendered the comparisons meaningless. The rate of breakdown of 3-methyl histidine in the excreta at room temperature, due no doubt to bacterial activity, was very high and suggests frequent collection and immediate storage at -20 o C to minimise this loss.
CONCLUSIONS
There are differences in response to protein utilization efficiency due to strains. Strain A and C apparently had much higher response in gain in high protein diet by showing better gain and protein deposition whilst strain B would be more advantageous to low protein diet. Involvement of genetic controls as the selection effect seems to increase the capacity of chickens to improve nutrient utilization.
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